Introduction
Condylar process fractures are common, most often unilaterally with medial deviation 1, 2 . A favourable prognosis when treated by closed methods has been described 2, 3 . Also, remodelling of condylar processes following conservative treatment has been radiographically demonstrated 3, 4 . However, there are some concern regarding skeletal changes, represented by mandibular asymmetry, mainly in young individuals 5, 6 . An experimental study in young rats, in which an unilateral, deviated subcondilar fracture was induced, demonstrated a tendency of deviation of the mandible to the fracture side, but without significant difference between experimental and sham-operated animals 7 . Protein-energy malnutrition affects approximately half of the population worldwide, especially in developing countries 8 . Fracture healing consists of a complex series of cell events demanding a high protein synthesis rate 9 . The damaging effects of protein undernutrition on callus formation, leading to nonunion and intermediate bone healing, have been experimentally demonstrated 9 . Mandibular condyle fractures present a complex healing process, which includes callus formation and joint recovery with condylar repositioning 7, 10 . Studies that experimentally induced such fractures have demonstrated heavy weight loss, as well as mandible deviation and restricted mouth opening 7, 11 . However, the significance of this condition to the healing process and skeletal changes is poorly understood.
The purpose of this study was to investigate the facial symmetry of rats submitted to experimental mandibular condyle fracture and with protein undernutrition by means of cephalometric measurements.
Methods
Forty-five adult male Wistar rats were used and distributed in three groups of 15 animals: fracture group, submitted to condylar fracture with no changes in diet; undernourished fracture group, submitted to hypoproteic diet and condylar fracture; undernourished group, without condylar fracture. The study was approved by the local committee on research ethics.
Undernourished fracture animals were fed a hypoprotein diet (8% of proteins) during a month previously to condylar fracture. Undernourished only animals had this diet kept until the end of experiment, without fracture. Hypoprotein diet was prepared in our laboratory, with 8% of proteins 12 and vitamins and minerals maintained according to the American Institute of Nutrition to AIN-93G recommendations for rodent diets 13. Fracture only animals were fed an ordinary diet of rodent feed (Labina, Agribands Purina, Sao Paulo, Brazil) which contains 23% of proteins and levels of carbohydrates, lipids, minerals, and vitamins accordingly AIN-93G recommendations. Both the diets were administered in powder form for one week postoperatively, and in regular form in the remaining period.
The animals of the fracture groups were submitted to general anesthesia, induced by xylazine (0.01 ml/kg) and ketamine (0.1 ml/kg). A preauricular incision of 1 cm was made on the right side, followed by blunt dissection through the masseter muscle, just below the zygomatic arch. Condylar process was exposed, and fracture was achieved by using a mosquito (Halstead) forceps, and the condylar fragment was deviated medially 7 . Care was taken so as not to damage the articular surfaces. Suture in layers concluded the procedure.
The animals were sacrificed after 24h, 1 week, 2 week, 1 month and 3 months. Their body weights were recorded at the first day of experiment and at the sacrifice. At sacrifice blood samples were colleted, and total serum proteins and serum albumin were determined by colorimetric method (Labtest Kit, Labtest, Brazil) and spectrophotometer (35 D, Coleman, Brazil). These were used as undernutrition indicatives 14, 15 . To evaluate the significance of differences among the mean values of all the groups, analysis of variance was used (p<0.050).
After fixing in formalin for one week, radiographs of the skull in axial (dorsoventral) projection were obtained. Care was taken to mantain the horizontal and vertical planes. The radiographs were produced using a standard dental machine at 56 kV and 10 mA, with an exposure time of 0.4s. A constant 40 cm focus-to-film distance was maintained and periapical film was used.
The radiographic images were digitized, and measurements obtained with Imagelab software. Angular measurements of deviation of the mandible, with reference to a line between both tympanic bullae (angle Å) were registered ( Figure 1 ). The following distances were measured bilaterally: TB -IF -tympanic bulla to infraorbital foramen; IF -IPinfraorbital foramen to incisal point; AP -II -angular process to insertion of incisor; and AP -IP -angular process to incisal point ( Figure 2 ).
To evaluate possible differences among the three groups, analysis of variance (ANOVA) and Tukey"s test or Dunnett's test were used. In the comparison among periods by group, Friedman's test was used, and when there was significance, the paired Student's t-test was used. The significance level was set at 5% (p<0.050). Mensuration of angle Å revealed an increase of deviation in the 15 days period in the fracture and undernourished fracture groups, and a higher deviation in the three months period in the undernourished fracture group. The mean values of angle Å according to the experimental period are presented in Figure 3 . In the comparison of angle Å measurements among groups, the ANOVA demonstrated that there were differences in one week, one month and three months periods. With the use of Tukey's or Dunnett's tests there was significant difference between undernourished fracture and fracture groups, as well as between undernourished fracture and undernourished groups in the three months period (Table 1) . Also, with use of Friedman's test there was significant difference in the undernourished fracture group (p= 0.043), and paired Student's t-test showed significant difference between 24 hours and three months (p= 0.001), one week and three months (p= 0.006), and one month and three months (p< 0.001). The mean values of the distances found on the mensurations of the maxilla of all the groups according to the experimental period are presented in Figure 4 . In the comparison of the maxillary measurements among groups, the ANOVA demonstrated that there as difference to the TB-IF, measurement in the period of three months, left side (Table 2) . With the use of Tukey's or Dunnett's tests there was significant difference between undernourished fracture and fracture groups. The ANOVA demonstrated also that there were differences to the IF-IP measurement in the period of one month on the left side, and in the period of three months on the right side ( Table 2) . With the use of Tukey's or Dunnett's tests there was no significant difference between groups in on month on the left side, and there was significant difference between undernourished fracture and undernourished groups on the right side. Also with use of Friedman's test there was no significant difference in all the groups to both measurements. Paired Student's t-test showed significant difference to the TB-IF measurement in the undernourished fracture group at three months between right and left sides (p=0.029), as well as to the IF-IP measurement in the undernourished fracture group at two weeks between right and left sides (p=0.016), and in the fracture group at three months between right and left sides (p=0.005).
The mean values of the distances found on the measurement of the mandible of all the groups according to the experimental period are presented in Figure 5 . In the comparison of the mandibular measurements among groups, the ANOVA demonstrated that there was difference to the AP-II measurement in the period of three months, left side (Table 3) . With the use of Tukey's or Dunnett's tests there was no significant difference between groups. The ANOVA demonstrated also that there were differences to the AP-IP measurement in the period of three months, right side and left side (Table 3) . With the use of Tukey's or Dunnett's tests there was significant difference between undernourished fracture and undernourished groups on the right side, and between undernourished fracture and fracture groups, undernourished fracture and undernourished groups, as well as fracture and undernourished groups on the left side. Also, with use of Friedman's test there was no significant difference in all the groups to both measurements. Paired Student's t-test showed significant difference to the AP-II measurement in the undernourished fracture group at two weeks between right and left sides (p=0.037), and at three months between right and left sides (p=0.010), as well as to the AP-IP measurement in the undernourished fracture group at one month between right and left sides (p=0.036), and in the undernourished group at three months between right and left sides (p=0.048). 
Discussion
In this study mandibular condyle fractures were induced in rats with protein undernutrition, and cephalometric mensurations focused on facial symmetry. The final result was an asymmetry of the mandible, also with asymmetry of the maxilla. Two models were used in this study. The condylar fracture, unilateral and medially displaced 7, 10 , follows the most frequent form of mandibular condyle fracture 1, 2 . After condylar fracture, the animals may consume rodent feed during experiment, allowing maintenance of them during the study period 7, 10 . Protein undernutrition has been successfully induced by a specially prepared hypoprotein diet 12 . A significant decrease in the values of serum proteins and albumin in the same group were indicators of undernutrition 14, 15 . Similar findings have been reported by a study of tibial fracture healing in protein malnutrition 9 . Cephalometric evaluations from radiographs of dissected specimens using a computer system lead to reliable measurements, reducing technical difficulties 16 . Distances found were similar to those noted in other experiments [17] [18] [19] [20] . Only structures which do not underwent direct influence of the fracture were used as reference points 16, 18, 19 . In this study deviation of the median line of the mandible in relation to the maxillary median line was observed in the fracture and undernourished fracture groups. An angle mensuration, with reference to the cranial base, called angle Å, was used to determine the occurrence of deviation 7, 18 . Other experimental studies have demonstrated the occurrence of asymmetries after condylar fractures through macroscopic 21 . A previous condylar fracture with deviation has been associated to mandibular asymmetries, in special during growth period 22 . An experimental study demonstrated the occurrence of asymmetry of the mandible associated to degenerative changes of the condyle after displaced condylar process fracture in growing rats 20 . Another representative finding was a small length of the maxilla on the same side of the fracture, as well as a small length of the mandible on the same side of the fracture, verified in the undernourished fracture group. Thus, the effects of the condylar fracture were significative in the undernourished fracture group, demonstrated by asymmetry of the maxilla and mandible, in special in the final period of experiment. Nocive effects of protein undernutrition on callus formation have been demonstrated in long bone experimental fractures 9 . The possibility of maxillary growth influencing mandibular growth and vice versa by occlusal intercuspation has been described 23 . Occlusal disturbances have been considered the main cause of asymmetry of the midface after condylar fractures in rabbits 24 . The capacity of the condylar fracture to induce asymmetries of the maxilla and mandible has been verified in other studies, and a compensation of the masticatory function through a neuromuscular mechanism could influence this process 20, 23, 25 .
Conclusion
The effects of the condylar process fracture on facial symmetry in rats submitted to protein undernutrition, when compared to only fracture and undernourished groups, were deviation of the median line of the mandible, as well as asymmetry of the maxilla and mandible, in special in the final period of experiment.
